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ABSTRACT
The non-thermal emission from the kiloparsec-scale jet of Centaurus A exhibits two notable features,
bright diffuse emission and many compact knots, which have been intensively studied in X-ray
and radio observations. H.E.S.S. recently reported that the very-high-energy gamma-ray emission
from this object is extended along the jet direction beyond a kiloparsec from the core. Here, we
combine these observations to constrain the physical conditions of the kpc-jet and study the origin
of the non-thermal emission. We show that the diffuse jet is weakly magnetized (ηb ∼ 10−2) and
energetically dominated by thermal particles. We also show that knots are the sites of both amplified
magnetic field and particle (re-)acceleration. To keep sufficient energy in thermal particles, the
magnetic and non-thermal particle energy in the knot regions are tightly constrained. The most
plausible condition is an energy equipartition between them, ηb ∼ ηe ∼ 0.1. Such weak magnetic
energy implies that particles in the knots are in the slow cooling regime. We suggest that the entire
kpc-scale diffuse emission could be powered by particles that are accelerated at and escaped from knots.
1. INTRODUCTION
It is widely believed that jets from active galactic
nuclei (AGN) are launched by electromagnetic mech-
anisms near supermassive black holes (SMBH) (e.g.,
Blandford & Znajek 1977; Blandford & Payne 1982;
Komissarov et al. 2007; McKinney et al. 2012). As a
result, jets are expected to be initially highly magne-
tized. The dissipation of the magnetic field converts
the Poynting flux into the bulk kinetic energy, acceler-
ating the jet to a relativistic speed. A fraction of the
jet power is also transferred to particles, heating the jet
material and accelerating particles to non-thermal ener-
gies. Particle acceleration can proceed effectively either
in a magnetically-dominated (e.g., via magnetic recon-
nection) or kinetically-dominated (e.g., via formation of
shocks) jet (e.g., Sironi et al. 2015). Therefore, to under-
stand the production mechanism of non-thermal parti-
cles, the determination of the energy balance in the jets,
especially their magnetization, is essential.
Observational studies of energy balance in AGN jets
are mostly conducted for blazars, i.e., radio galaxies with
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their jets aligned toward Earth (e.g., Tavecchio et al.
1998; Celotti & Ghisellini 2008; Ghisellini et al. 2010;
Zhang et al. 2012; Inoue & Tanaka 2016). These studies
typically find relatively weak magnetization. However,
they are usually restricted to one-zone treatment aimed
to explain observations at various phases. As blazars
are highly variable (e.g., Ackermann et al. 2016), it is
unclear whether the emission of each phase correctly
probes the conditions in the large-scale jet. Most blazars
are located at cosmological distances, which makes any
study beyond one-zone treatment difficult.
The radio galaxy Centaurus A (Cen A) enables invalu-
able insights on this problem thanks to its unequaled
proximity (3.8 Mpc; Harris et al. 2010). Broadband
emission from this object has been resolved over a wide
range of spatial scales from the core (. 10−2 pc) to the
giant lobes (& 105 pc) (e.g., Kraft et al. 2002; Hardcastle
et al. 2006; Kataoka et al. 2006; Goodger et al. 2010).
Recently, the H.E.S.S. collaboration has reported evi-
dence of very-high-energy (VHE) gamma rays from the
kpc-scale jet in Cen A (Abdalla et al. 2020), making it
the first extragalactic object with measured extension in
the VHE regime. A combination of new gamma-ray data
with previous multi-wavelength data brings new infor-
mation on jet properties on kpc distances from SMBH.
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Here, we study the origin of non-thermal emission and
physical conditions of the kpc-jet in Cen A. Our ap-
proach is model-independent, meaning that we rely on
observational data only. In Sec. 2, we summarize obser-
vational properties. In Sec. 3, we constrain the physical
conditions in the jet required from X-ray observations.
In Sec. 4, we further constrain the parameter space with
the VHE data. In Sec. 5, we discuss contributions from
hadronic emission. In Sec. 6, we summarize our findings.
2. OBSERVATIONAL PROPERTIES
The SMBH at the core of Cen A has a mass of
5.5 × 107 M measured by stellar kinematics (Cappel-
lari et al. 2009), with corresponding Eddington lumi-
nosity of 7 × 1045 erg s−1. It provides an ultimate en-
ergy source to the jet, which has an estimated power
of ∼ 1043 erg s−1(Wykes et al. 2013), a bulk velocity of
' 0.5c (Hardcastle et al. 2003a) on a hundred-parsec
scale, and an opening angle of 10◦ − 15◦ (e.g., Horiuchi
et al. 2006).
On kpc scales, the jet produces diffuse synchrotron
emission. Kataoka et al. (2006) utilized Chandra data
and obtained the X-ray flux along the jet from the
core up to about 240′′ (4 kpc). The observed 0.5−5
keV luminosity of the diffuse unresolved kpc-scale jet is
Ldkev ' 8× 1038 erg s−1, where the superscript d stands
for the diffuse component. We define this energy range
as the keV band. The spectral index of this component,
α = −d lnFν /d ln ν , is consistent with α ' 1.
The jet contains individual knots resolved in X-ray
and radio observations (Kraft et al. 2002; Goodger et al.
2010). The number of X-ray knots identified in Kataoka
et al. (2006) is about 30. While ∼ 2 − 5 of them
could be low-mass X-ray binaries unrelated to the jet
emission (Goodger et al. 2010), the majority are pro-
duced by the jet material (Blandford & Koenigl 1979;
Sanders 1983; Hardcastle et al. 2003b; Mao & Wang
2007; Bednarek & Banasin´ski 2015; Vieyro et al. 2017;
Torres-Alba` & Bosch-Ramon 2019). The typical keV-
band luminosity of each knot is Lkkev ' 1037 erg s−1,
where the superscript k stands for knots. The X-ray
spectral indices are consistent with α ' 0.5−1 (Goodger
et al. 2010; Tanada et al. 2019). For some knots, the
spectral indices in radio band (4.8−8.4 GHz) are also
measured, in the range of α ' 0.5 − 2, although mea-
surement errors are large (Goodger et al. 2010).
The sizes of knots are constrained only for some of
the brightest ones, typically ' 2 − 10 pc (Tingay &
Lenc 2009; Goodger et al. 2010; Tanada et al. 2019).
The magnetic fields in the knots are also largely uncon-
strained. For two bright knots, BX2 and AX1C, Chan-
dra observations suggest upper limits of B . 80 µG due
Table 1. Luminosity of the host galaxy NGC 5128
Band Wavelength Luminosity
[µm] [erg s−1]
optical 0.6 ∼9×1043
near-IR 2 ∼6×1043
mid-IR 25 ∼0.6×1043
far-IR 100 ∼2×1043
to the absence of spectral steepening expected for syn-
chrotron cooling (Snios et al. 2019).
The production of synchrotron emission in the energy
of  = 11 keV implies the presence of electrons with
energy of Ee '101/21 B
−1/2
100 TeV, where B = 100B100 µG
is the magnetic field strength. The same population of
electrons produces gamma rays by inverse Compton (IC)
scattering. If the scattering proceeds in the Thomson
regime, the characteristic gamma-ray energy is
ic = 300
(
~ω0
6× 10−4 eV
)(
Ee
10 TeV
)2
GeV, (1)
where ~ω0 is the energy of target photons, and the
Thomson limit is valid for ~ω0  0.1 (Ee/10 TeV)−1 eV.
The recent H.E.S.S. analysis has confirmed that VHE
emission is produced in the kpc-jet (Abdalla et al. 2020).
The flux is approximately 2 × 10−10 GeV cm−2 s−1 at
ic ' 300 GeV and the spectrum is fit by a power-law
with α ' 1.5 up to ∼ 10 TeV (H. E. S. S. Collaboration
et al. 2018). Thus, the luminosity in VHE band, which
we define as 0.3−3 TeV, is Lvhe ' 7× 1038 erg s−1.
The target photon fields may be produced by the jet
itself and objects in it and also supplied by external
sources. The host galaxy provides the brightest external
soft photons in optical and infrared. Table 1 shows char-
acteristics of soft photons from the host galaxy taken
from NASA/IPAC Extragalactic Database. Note that
they may not be taken at face values, because soft pho-
tons with a shorter wavelength are affected by Klein–
Nishina suppression. For example, for an electron spec-
trum of dNe /dEe ∝ E−3e , the contributions from opti-
cal and near-IR are smaller than that of far-IR above
ic ' 100 GeV, even though they have higher luminosi-
ties. The nucleus of Cen A could also provide target
photons with a bolometric luminosity of ∼ 1043 erg s−1
(Chiaberge et al. 2001; Beckmann et al. 2011).
3. CONSTRAINTS FROM X-RAY DATA
3.1. Jet Energy Balance
The average physical conditions in the jet are deter-
mined by its basic properties. We assume that the
kpc jet is cylindrical with a radius R and height Z =
Non-thermal Emission from Cen A jet 3
3Z3 kpc, starting from a distance of 1 kpc from the
core. We use an opening angle of θ = 0.2θ0.2 rad, which
results in R = 200θ0.2 pc. This might appear an over-
estimate for the jet radius at 1 kpc (e.g., Wykes et al.
2019). However, since we adopt a cylindrical approxi-
mation, we consider it to be appropriate as the mean
radius of the kpc jet. We assume a total jet power of
Pjet = 10
43P43 erg s
−1. The energy flux in the jet is
Pjet
piR2
' 8P43θ−20.2 erg s−1 cm−2 . (2)
The jet bulk speed, β = 0.5β0.5, defines the energy den-
sity
wjet =
Pjet
piR2βc
' 350P43θ−20.2β−10.5 eV cm−3 , (3)
which is distributed to thermal gas (or plasma), mag-
netic field, and non-thermal protons and electrons, such
that
wth + wb + we,nt + wp,nt = wjet . (4)
We define the corresponding fractions, ηi = wi/wjet:
ηth + ηb + ηe,nt + ηp,nt = 1 . (5)
The magnetic energy density,
wb =
B2
8pi
= ηbwjet , (6)
converts to the strength of the magnetic field:
B =
√
8piηbPj
piR2βc
= 120
√
ηbP43
β0.5
θ−10.2 µG . (7)
The energy distribution for non-thermal particles is
often approximated with a broken power law:
dnY
dE dV
=
{
AY (E/EY,br)
−pY,H E ≥ EY,br ,
AY (E/EY,br)
−pY,L EY,min < E ≤ EY,br .
(8)
Here Y denotes the particle type, pY,L and pY,H define
power-law slopes, EY,br is the break energy, AY is the
normalization, and EY,min is the minimum energy of the
non-thermal distribution. The energy density in non-
thermal particles is
wY,nt =
∞∫
EY,min
dnY
dE dV
EdE . (9)
For electrons, radio-emitting particles typically have
low energy (Ee < Ee,br), while X-ray emitting particles
have high energy (Ee > Ee,br). Therefore, the energy
content in non-thermal electrons that produce emission
in the keV-band is
we,kev = Ae
√
5Ee,kev∫
√
0.5Ee,kev
(
E
Ee,br
)−pe,H
EdE , (10)
where Ee,kev is the energy of electrons which are respon-
sible for the production of 1 keV synchrotron photons:
Ee,kev ' 10 (B/100 µG)−1/2 TeV. It is useful to define
another parameter,
χkev =
we,kev
we,nt
=
ηe,kev
ηe,nt
, (11)
which is determined by the electron spectrum.
3.2. X-ray Emission from the Jet
X-ray observations of Cen A revealed both diffuse
unresolved emission and many compact knots in the
kpc jet. The diffuse jet luminosity in the keV band is
Ldkev ' 8 × 1038 erg s−1 (Kataoka et al. 2006), and the
volume is V d ' piR2Z ' 1064θ20.2Z3 cm3. The luminos-
ity density, j = L/V , of the diffuse jet is
jdkev = 7× 10−26θ−20.2Z−13 erg s−1cm−3 (12)
The compact knots have a typical keV-band luminos-
ity of Lkkev = 10
37L37 erg s
−1. We adopt a characteristic
knot size of r = 5r5 pc and assume that knots are spher-
ical. Then, the typical volume is V k = 2 × 1058r35 cm3.
The luminosity density of the knot radiation is
jkkev = 6× 10−22r−35 L37 erg s−1cm−3 . (13)
These luminosities are determined by the energy con-
tent in keV-emitting electrons and their synchrotron
cooling time,
tsyn ' 2× 102
(
~ω
1 keV
)−1/2 ( wb
100 eV cm−3
)−3/4
yr ,
(14)
where ~ω is the synchrotron emission energy. By equat-
ing jkev with we,kev/tsyn, we obtain the following con-
straints on the production sites of synchrotron emission:
(ηdb )
3/4ηde,kev ' 3× 10−7θ
3/2
0.2Z
−1
3 β
7/4
0.5P
−7/4
43 (15)
and
(ηkb )
3/4ηke,kevr
3
5 ' 3× 10−3L37θ
7/2
0.2β
7/4
0.5P
−7/4
43 . (16)
To relate ηe,kev to ηe,nt, we need the electron spec-
trum. In general, the ratio of these two, χkev, is larger
for a harder spectrum. For the diffuse jet, Hardcastle
& Croston (2011) derived pe,L ' 2.06 for radio-emitting
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electrons and a very steep spectrum for X-ray emitting
particles, pe,H ' 3.88 and Ee,br ∼ 10−1.5Ee,kev, based
on multi-wavelength data (Hardcastle et al. 2006). If
we assume Ee,min ∼ 10−3Ee,br, these values convert to
χdkev ∼ 10−4. We note that this spectrum is obtained
from about 2−4 arcmin (2−4 kpc) from the core. Closer
to the core, the X-ray spectrum may be harder. Indeed,
the X-ray spectrum derived in Kataoka et al. (2006) for
the 1−2 kpc jet yields pe,H ' 3.0 − 3.4, resulting in
χdkev ∼ 10−3. Therefore, the value of χdkev averaged over
the kpc-jet is likely larger than 10−4. Utilizing this, we
rewrite Eq. (15) as
(ηdb )
3/4ηde,nt ' 3× 10−3θ
3/2
0.2Z
−1
3 β
7/4
0.5P
−7/4
43 χ
−1
−4, (17)
where χ−4 = χdkev/10
−4. We constrain the jet parame-
ters by requiring that the sum of non-thermal electron
and magnetic energy, ηdb + η
d
e,nt, is less than one. Fig-
ure 1 shows this sum under the above constraint (Eq. 17)
as a function of ηdb . This shows that a wide range of η
d
b
and ηde,nt is allowed from the X-ray data.
The spectral properties of knots are less tightly con-
strained from observations and may differ from one to
another. However, observed X-ray fluxes can place use-
ful constraints. To illustrate this, we write Eq. (16) as
(ηkb )
3/4ηke,nt ' 3× 10−2L37θ
7/2
0.2β
7/4
0.5P
−7/4
43 r
−3
5 χ
−1
−1 , (18)
where χ−1 = χkkev/10
−1. Figure 1 also shows ηkb + η
k
e,nt
under the above constraint. Because this sum should
not significantly exceed one, we obtain χkkev & 0.01.
This places tight constraints on the spectrum. If we
10 5 10 4 10 3 10 2 10 1 100
B
10 2
10 1
100
101
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Figure 1. The sum of non-thermal electron and magnetic
energy as a function of ηb, under the constraints from X-ray
observation: Eq. (17) for the diffuse jet and Eq. (18) for the
knots. This sum cannot (significantly) exceed one, which
constrains these parameters.
use pe,L ' 2.3 as an example, then Ee,kev should be
nearly equal to (or smaller than) Ee,br to satisfy this
constraint. If we instead use pe,L ' 2.06 as derived for
the diffuse jet, Ee,kev still need be relatively close to the
break: Ee,kev . 10 Ee,br. In the latter case, χkkev can be
as high as 0.1.
3.3. Conditions in the Jet
X-ray observations allow three distinct scenarios for
the physical conditions in the diffuse jet.
(i) Strongly magnetized, ηdb ∼ 1
(ii) non-thermal electron dominant, ηde,nt ∼ 1
(iii) Thermal plasma dominant, ηdth ∼ 1
Case (i): If the entire jet is strongly magnetized, the
knot would also have a high magnetization, ηkb ∼ 1. The
large difference in luminosity densities would be due to
higher electron energy densities in the knots, implying
efficient particle (re-)acceleration taking place there.
Case (ii): If the jet total energy is mostly carried
by non-thermal electrons, the diffuse jet should be very
weakly magnetized: ηdb ∼ 4 × 10−4 (χ−4)−4/3 (Eq. 17).
In this case, amplification of the magnetic field would
be needed to explain the compact knots.
Case (iii): If the bulk of the jet energy is carried by
thermal particles, the jet magnetization would be rel-
atively weak because ηdb + η
d
e,nt  1. In the knot re-
gion, we would expect larger values of ηkb and η
k
e,nt, but
the thermal particles should still have most of the en-
ergy there. A plausible realization of such a scenario is
equipartition between the magnetic field and the non-
thermal electrons, ηkb ' ηke,nt, which minimizes the en-
ergy requirement for these two components.
Next, we show that only case (iii) is allowed by the
VHE data.
4. FURTHER CONSTRAINTS FROM VHE DATA
4.1. VHE Emission from the Jet
In this section, we assume that the observed VHE
emission is produced by IC scattering in the Thomson
regime, which is valid if the target photon is dominantly
provided by far-IR radiation. The observed keV and
VHE luminosity relates as Lkev/Lvhe = wb/wph, where
wph is the radiation energy density. Therefore, the fol-
lowing photon field energy densities would be required,
depending on the production site of VHE emission:
wph =
Lvhe
Ldkev
wdb ' wdb (diffuse jet),
wph =
Lvhe
NLkkev
wkb ' 2wkb (knots),
(19)
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where N(' 30) is the number of knots.
Since knots have much higher synchrotron luminosity
density than the diffuse jet, we would naturally expect
wkb ≥ wdb . Then, if VHE emission is dominated by knots,
they should have locally enhanced photon fields. To be
relevant, the knot additional photon field should have
an energy density comparable to that of the magnetic
field. The luminosity should be
Laddph = 4pir
2cwkb ,
' 5× 1040ηkbr25P43θ−20.2β−10.5 erg s−1 .
(20)
Since the knot magnetic field is ηkb & 10−2 from X-
ray observation (Figure 1), a luminous photon source
brighter than 5× 1038 erg s−1 would be needed. This is
much brighter than the X-ray luminosity of each knot,
which indicates that synchrotron self-Compton cannot
be sufficient. In principle, luminous stars could provide
this photon field, but in that case, the production of
VHE should proceed in the Klein-Nishina regime, sig-
nificantly decreasing the efficiency of the IC process.
Therefore, we regard this possibility as unlikely and con-
sider the diffuse jet as the origin of the VHE emission.
If the target photons are generated inside the jet, the
required photon luminosity is
piRZcwph = 3× 1044ηdb
P43Z3
θ20.2
erg s−1 . (21)
This scenario necessitates a relatively small jet magneti-
zation, ηdb . 0.03, because otherwise the required lumi-
nosity would exceed the total jet power. The required
luminosity can be decreased by a factor of R/Z ∼ 0.2, if
we assume that the target photons are strongly beamed
along the jet axis (e.g., if emitted by the highly relativis-
tic inner jet, see Bednarek 2019), but this still requires
ηdb well below 0.1.
If the soft photons are supplied from external sources,
their luminosity should be
wph4pid
2c = 2× 1045ηdb
P43d
2
1
θ20.2β0.5
erg s−1 (22)
where d = 1d1 kpc is the distance from the emitting re-
gion to the source of soft photons. This scenario necessi-
tates a relatively small jet magnetization, ηdb . 0.03, be-
cause otherwise the luminosity of the host galaxy would
not be sufficient.
Both internal and external sources of target photons
require ηdb < 0.03. This excludes the possibility of a
strongly magnetized jet (case i). Figure 2 shows the jet
magnetization parameter in the diffuse jet as a function
of the photon energy density. If we adopt luminosities
of the host galaxy as the target photon (Table 1), the
100
101
102
Figure 2. Jet magnetization that is required for explaining
VHE emission, as a function of soft photon energy density.
The solid line adopts P43 = 1, while other two lines show
the cases when P43 is changed to 2 (dashed) and 0.5 (dot-
dashed). Other model parameters are fixed to the value as
adopted in the main text.
jet magnetization would be ηdb ∼ 10−2. It also shows
that the jet magnetization should satisfy ηdb & 10−3,
because otherwise the emission produced on the cos-
mic microwave background radiation would be brighter
than observed. This excludes the case of a very weakly
magnetized jet (case ii). We conclude that the thermal
plasma dominates the jet energetics (case iii).
Thus far, we have shown that thermal particles carry
most of the energy in the diffuse jet. It may not seem
straightforward to relate this with the energetics in
knots, because they locally have very different condi-
tions. However, considering that knots are likely pro-
duced by the same material that composes the diffuse
jet, in which non-thermal electrons and magnetic field
make only ' 5% of the energy, thermal plasma is likely
dominant also in the knot regions. In principle, we can-
not rule out a possibility that magnetic fields are ampli-
fied to ηkb ' ηkTh, but it would require very efficient con-
version of thermal energy to the magnetic field. A more
feasible scenario is to keep most of the energy in thermal
particles in the knot region by minimizing ηkb+η
k
e,nt (i.e.,
equipartition), with ηkb and η
k
e,nt amplified by a factor of
O(1) compared to the diffuse jet. This argument favors
ηkb ' ηke,nt ∼ 0.1 (see Fig. 1). This results in a relatively
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weak magnetic field, Bk ∼ 40 µG, consistent with the
observed upper limits for two bright knots (Bk < 80 µG;
Snios et al. 2019).
4.2. Implications for Particle Acceleration
The dominance of thermal particles implies a rel-
atively small magnetic field even in the knot region.
Therefore, particles produced in knots can travel a dis-
tance of
rsyn = cβt
k
syn ,
' 60
(
~ω
1 keV
)−1/2(
ηkb
0.1
)−3/4
P
−3/4
43 θ
3/2
0.2β
7/4
0.5 pc .
(23)
before losing energy to the synchrotron cooling. This
is significantly larger than typical knot size, which indi-
cates that they escape from the knots and contribute to
the diffuse emission. The electron power supplied by es-
caping particles from each knot is Lkkevt
k
syn/t
k
adv, where
tkadv = r/βc is the advection time in the knot. They
would cool down in the diffuse jet, radiating with an
X-ray luminosity of
Lkev ∼ ξ
2
NLkkev
tksyn
tkadv
∼ 90Lkkev
(
ξ
0.5
)(
N
30
)
P
−3/4
43 r
−1
5 β
7/4
0.5θ
3/2
0.2
∼ 9× 1038 erg s−1 ,
(24)
where 1/2 roughly accounts for the synchrotron and
IC cooling. The parameter ξ takes the difference in
magnetic fields between diffuse jet and knots: since
Ee,kev ∝ (ηB)−1/4, the energy in keV-emitting electrons
differ by a factor of ξ ∼ (ηkB/ηdB)(2−pH)/4 ∼ 0.5. This
estimate is remarkably close to the diffuse luminosity,
suggesting that the particles accelerated in the compact
knots may play an essential role in producing the jet
diffuse emission.
5. HADRONIC SCENARIO
Here, we assess the contribution of hadronic processes
to the observed VHE emission. We assume that a sub-
volume V of the jet produces gamma rays via pp inter-
actions. The total energy in non-thermal protons in this
region is
Wp,nt = wjetηp,ntV ,
' 6× 1054ηp,ntP43Z3β−10.5fv erg ,
(25)
where fv = V/Vjet is the filling factor of the production
sites. These protons produce VHE gamma-rays on a
timescale of tpp = 10
15n−1 s, where n is the gas density
in the cgs unit. The luminosity is then
Lvhe,pp ∼ κχtevWp,nt
tpp
,
∼ 1039ηp,ntnfvP43Z3β−10.5 erg s−1 ,
(26)
where χtevWp,nt is the energy of non-thermal protons in
the TeV regime and κ ∼ 0.17 is the fraction of the pro-
ton energy converted into gamma-rays. To explain the
observed luminosity, 7× 1038 erg s−1, the target density
should be very high:
nfv ∼ 70
(ηp,nt
0.1
)−1 (χtev
0.1
)−1
P−143 Z
−1
3 β0.5 cm
−3.
(27)
If the target gas were involved with the jet motion, the
kinetic energy flux would significantly exceed the total
jet energy flux (Eq. 2):
Fgas = (Γjet − 1)mpc2nfvβc
' 3× 106fvn erg s−1 cm−2,
(28)
Therefore, it is difficult to explain the observed VHE
emission by hadronic emission alone. However, some
contributions may be possible from the gamma-ray pro-
duction on dense external cloud or stellar winds (Barkov
et al. 2010, 2012).
6. CONCLUSION
In this work, we study the origin of non-thermal emis-
sion and physical conditions in the kpc-jet of Cen A.
By combining X-ray and VHE data, we determine the
jet magnetization to be ηdb ∼ 10−2 in the kpc-jet. This
result is consistent with a recent study on FR II ra-
dio galaxies (Sikora et al. 2020). In knot regions, the
energy densities in the magnetic field and non-thermal
electrons should be amplified to an equipartition value,
ηkb ' ηke,nt ∼ 0.1. Such a weak magnetic field implies
that most particles leave knots uncooled. We find that
it remains viable that entire jet X-ray and VHE emis-
sion is produced by particles that are accelerated at and
escaped from knots. More detailed modeling is needed
to test this scenario.
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